Differential expression of genes involved in cGMP-dependent nitric oxide signaling in murine embryonic stem (ES) cells and ES cell-derived cardiomyocytes.
Nitric oxide (NO) performs multiple physiological roles as a biological signaling molecule. The role of NO and cGMP signaling in embryonic stem (ES) cell-derived cardiomyocytes (CM) has been investigated but many questions remain. In this study, we examined the expression of the NO signaling pathway components nitric oxide synthase (NOS-1, 2, 3), soluble guanylyl cyclase (sGCalpha(1) and beta(1)) and protein kinase G (PKG) genes and sGC activity in murine ES cells subjected to differentiation by embryoid body (EB) formation. We found that in undifferentiated ES cells, NOS-1, NOS-3, and sGCbeta(1) were detected while NOS-2, sGCalpha(1), and PKG were very low or undetectable. When ES cells were subjected to differentiation, NOS-1 abruptly decreased within one day, NOS-2 mRNA became detectable after several days, and NOS-3 increased after 7-10 days. Levels of sGCalpha(1), sGCbeta(1), and PKG all increased gradually over a several day time course of differentiation in EB outgrowths. Analysis of sGC activity in cell lysates derived from undifferentiated ES cells revealed that NO could not stimulate cGMP. However, lysates from differentiated EB outgrowths produced abundant cGMP levels after NO stimulation. Purification of ES-cell derived CM revealed that mRNA expression of all the NOS isoforms was very low to absent while sGCalpha(1) and beta(1) subunit mRNAs were abundant and sGC-mediated cGMP production was apparent in this population of cells. These data suggest that cGMP-mediated NO signaling may play a minor role, if any, in undifferentiated ES cells but could be involved in the early differentiation events or physiological processes of ES cells or ES cell-derived lineages.